A decrease in somatostatin level is observed in parkinsonian brain. We recently reported that rats given an intracerebroventricular injection of a somatostatin antagonist, cyclosomatostatin, fall into catalepsy; the effect was observed in aged but not young animals. To evaluate the predictive validity of the cyclosomatostatin-induced catalepsy as a model of extrapyramidal disorders, the sensitivity of this catalepsy to clinically effective antiparkinsonian agents was determined. We examined the effects of levodopa and histamine antagonists; also, given an inverse association between Parkinson's disease and tobacco smoking, nicotine was tested. The experiments were conducted using 27-28month-old male Wistar rats. Catalepsy was measured using the bar test. Cyclosomatostatin-induced catalepsy was strongly antagonized by levodopa, which indicates a role for central dopaminergic deficiency in this model. Similarly, histamine H 1receptor antagonist, diphenhydramine, exhibited anticataleptic activity; in contrast, antagonists at H 2and H 3 -receptors were without effect. Cataleptic response was inhibited by nicotine; the nicotine sensitivity distinguishes this catalepsy from other models, in particular, from haloperidol-induced catalepsy. Diphenhydramine and nicotine alone only partly suppressed catalepsy; however, coadministration of these drugs almost totally reversed the cataleptogenic effect of cyclosomatostatin.
INTRODUCTION
Parkinson's disease is characterized by progressive damage to dopaminergic neurons in the substantia nigra; bradykinesia and other extrapyramidal signs are the major features of the disease [1] [2] [3] . Age is the largest risk factor for the development of parkinsonism [4] ; alternatively, tobacco smoking decreases the incidence of the illness [5] . The fall in dopaminergic activity detected in parkinsonian brain has encouraged attempts to pharmacologically replace the missing neurotransmitter. Treatment with 3,4-dihydroxy-L-phenylalanine (levodopa), a precursor of dopamine, has led to marked relief of motor symptoms [6] supporting the causative role of dopaminergic deficiency in parkinsonian pathology. In the past decades, various therapeutic strategies were proposed; however, none of them could stop or slow disease progression.
A number of animal models are currently in use to identify new potential anti-parkinsonian therapies.
Neurotoxic models use toxins causing reversible or irreversible injury to dopaminergic neurons; genetic models are based on genetic mutations that either selectively disrupt nigral neurons or are similar to mutations found in familial parkinsonism [7] . Meanwhile, there is presently no model that would use factors characteristic of idiopathic Parkinson's disease (iPD). As it seems, such models may be of special significance in the search for novel anti-parkinsonian agents.
One of the iPD-associated brain abnormalities is a fall in somatostatin levels (for refs., see [8, 9] ). These changes may be of pathogenic importance as somatostatin can stimulate dopaminergic neurotransmission [10] [11] [12] .
We recently simulated a decrease in brain somatostatin activity in Wistar rats [8, 9, 13] using intracerebral injections of cyclosomatostatin (cS), an antagonist of somatostatin receptors [14] . It has been found that cS induces cataleptic response. Catalepsy, an abnormal behavior that resembles bradykinesia and postural rigidity in iPD, is often linked to an inhibition of central dopaminergic activity [15, 16] and thereby is used as a model of extrapyramidal dysfunctions. In our experiments, the cS effect was observed in aged but not young rats [8] . Thus, cS-induced catalepsy displayed an age-dependence similar to that of iPD. Apparently, this property of the model supports its validity.
The present work is aimed to study cS-induced catalepsy with reference to its sensitivity to some pharmacological challenges. First, levodopa should be examined; apparently, the responsiveness of this catalepsy to clinically effective agents would support the model's predictive validity [17] . Since existence of a levodopa-unresponsive type of catalepsy has been described [18] , the determination of levodopa sensitivity seems to be necessary for the evaluation of any new model of iPD.
Second, the sensitivity of cS-induced catalepsy to histamine receptor antagonists should be examined because histamine is believed to regulate brain dopamine activity. In mammals, the striatum receives a major input from the hypothalamic tuberomammillary nucleus, the major source of brain histamine [19] . In rats and mice, the activity of histidine decarboxylase, the enzyme which forms 46 Ilya D. Ionov et al.
histamine, is strongly increased in the striatum compared with other brain areas [20] ; it seems likely that the regulation of dopaminergic neurotransmission is a special physiological function of brain histamine. The significance of the histaminergic projection for the striatum is supported by findings of changed striatal dopamine metabolism after a lesion to the tuberomammillary nucleus [21] . In mice, a precursor of histamine, histidine, suppressed a dopamine-dependent behavior, methamphetamineinduced locomotor hyperactivity [22] . In rats, histidine potentiated the cataleptogenic effect of a dopamine receptor antagonist haloperidol [23] . In direct experiments, exogenous histamine produced selective degeneration of dopaminergic neurons in rat substantia nigra [24] ; in essence, histamine is the only brain factor that is found to induce the main histopathological feature of iPD. Besides, in mice, histamine can exert catalepsy that is antagonized by levodopa [25] [26] [27] . Alternatively, histamine H 1 receptor antagonists can elevate dopamine levels in rat neostriatum and nucleus accumbens [28] ; these drugs also attenuate cataleptic response induced by haloperidol [23, 29] and a few other cataleptogens [29] . In view of these data, histamine receptor blockers seem to be promising therapeutics for iPD, at least as a part of treatment strategy. With this in mind, we examined histamine antagonists in the cS-induced catalepsy model.
Finally, the sensitivity to nicotine may be indicative of the model's validity. Given a lower risk of iPD in tobacco smokers [5] , nicotine may be expected to bring about an anti-parkinsonian effect. The influence of nicotine on dopaminergic system has been previously examined in many studies; however, inconsistent results were obtained. Nicotine in vitro protected dopaminergic neurons against a range of toxic insults (e.g., review [30] ); by contrast, in vivo the drug can increase the vulnerability of the nigral neurons to a neurotoxin [31] . In rodents, nicotine stimulated dopamine release from striatal cells in vitro [32, 33] and in vivo [34] . However, acute administration of nicotine potentiated rather than inhibited catalepsy induced in rats by haloperidol [35] [36] [37] and a few other cataleptogenic drugs [38, 39] . To date, the influence of nicotine on somatostatin-mediated brain mechanisms has not been studied. Given this, we assessed the influence of nicotine on cS-induced catalepsy.
thioperamide were injected i.c.v. at doses of 12.3 and 11.5 μg, respectively; these doses are equimolar with 10 μg of DPH.
All doses represent the free-base equivalent of the salt form. The tested drugs were administered 15 min prior to the injection of cS.
Implantation of cannula
The surgical operations were done under aseptic conditions. Additionally, before surgery each rat was injected with gentamicin sulfate, 5 mg/kg intramuscularly. The animal was anaesthetized with intraperitoneal administration of ketamine and xylazine (80 and 8 mg/kg, respectively) and placed in a Kopf stereotaxic apparatus (David Kopf Instruments, Tujunga, CA, USA). For intracerebral administration, a 26-gauge stainless steel guide cannula (Plastics One Inc., Roanoke, VA, USA) was stereotaxically implanted into the right lateral ventricle using the following stereotaxic coordinates: ML = -1.6 mm, DV = -3.6 mm, and AP = -0.8 mm from bregma [44] . The guide cannula was secured with screws and cranioplastic cement (Dentsply International, York, PA, USA). The cannula was filled with aCSF before implantation. Leakage of fluid from the cannula during implantation was considered as evidence of proper cannula placement [45] . Additionally, the location of the cannula track was verified during sectioning.
Animals showing cannula misplacement were excluded from the study.
After placement, the guide cannula was sealed with a sterile dummy cannula (obturator, Plastics One Inc., Roanoke, VA, USA). The incision area was treated topically with Polysporin Triple antibiotic ointment. The animals were allowed to recover for 10 days during which they were caged individually.
Intracerebral injection procedure
Microinjection of cS solution or vehicle into the lateral ventricle was performed as described in [44, 46] . Briefly, a needle connected by polyethylene tubing to a 10 µl syringe was used. After removal of the obturator, the needle was protruded 1 mm beyond the cannula tip and the solution (10 µl) was injected over 30 seconds. After the injection, the needle remained in place for 30 s before withdrawal to prevent injection fluid backflow through the cannula.
Another aim of this study is to evaluate the sensitivity of cS-induced catalepsy to combined treatment with an antagonist of histamine H 1receptors (diphenhydramine) and nicotine.
MATERIALS AND METHODS

Animals
The experiments were conducted using 27-28month-old male Wistar rats. The average life span of these rats is approximately 25 months [40] ; given this, the animals in our study can be deemed old.
Rats were housed four per cage in a well-ventilated colony room having a 12-hour light/dark cycle (lights on at 7:00 AM) and temperature of 22 °C. The animals received standard laboratory rat chow and tap water ad libitum. The animals were adapted to these conditions for a minimum of two weeks before the experiments. For carrying out the experiments, animals were divided randomly into groups of eight each.
Drugs and doses
Cyclo ( L-DP and carbidopa (dose ratio 10:1) were administered orally using a gastric tube.
Sterile physiological saline (0.9% NaCl in apyrogenic water) was used as a vehicle for L-DP, carbidopa, and NCT. Other drugs were dissolved in sterile artificial cerebrospinal fluid (aCSF) [41] .
The choice of the doses was based on the results of previous studies [8, 42, 43] . Ranitidine and cS-induced catalepsy to NCT. In experiment VI, the anti-cataleptic activity of DPH-NCT combination was evaluated. Two control groups were used in each experiment: unoperated animals and those treated with cS alone.
Statistical analysis
Data are expressed as means ± SEM. The Shapiro-Wilk W test was used to assess the normality of the data distribution. Since the normality assumptions could not be accepted, comparisons were made with Kruskal-Wallis one-way analysis of variance on ranks followed by Tukey's test for pairwise comparison. Differences with a p value of less than 0.05 were considered statistically significant.
RESULTS
cS exerted no catalepsy at the doses of 0.5 and 2.0 µg (no significant difference was observed between drug-and vehicle-treated groups, p > 0.05, n = 8, experiment I). In contrast, the dose of 8.0 µg produced distinct catalepsy (significant difference from vehicle-treated control, p < 0.01); the effect was seen at all time points after injection of cataleptogen (Table 1 ). These findings basically replicated our previous results (e.g., [8] ). The most effective dose, 8.0 µg, was used in the next stage of the research.
L-DP (in combination with carbidopa) per se failed to induce catalepsy (data not shown) but antagonized cS-induced catalepsy in a dosedependent manner. The dose 50 mg/kg was ineffective. However, the administration of the drug at larger doses significantly (p < 0.05 and < 0.01) reduced cataleptic response at all time points. The dose of 200 mg/kg was more effective (p < 0.05) than the dose of 100 mg/kg ( Table 2 , experiment II).
An antagonist at H 1 -receptor, DPH, showed no cataleptogenic activity (data not shown) but was found to inhibit cS-induced catalepsy. The dose of 5.0 μg was ineffective. The drug at the doses of 10.0 and 20.0 μg markedly (p < 0.05) antagonized cataleptogenic activity of cS (Table 3 , experiment III). There was no difference (p > 0.05) between the effects induced by DPH at the doses of 10.0 and 20.0 μg.
Catalepsy assessment
Catalepsy in rodents is a state of temporal immobility characterized by failure to correct an externally imposed unusual posture [47, 48] . Bar test was used as a method for the quantitative evaluation of catalepsy. Each rat was placed with its fore limbs on a wooden bar (9.0 cm above the table surface, diameter of 1.5 cm). The animal's hind paws rested on the table surface. The length of time (s) until the animal placed both paws on the table surface, or moved its head in an exploratory manner, or began to climb on the bar [49, 50] was measured; this time is herein termed as duration of immobility. In the first two days the rat was placed on the bar daily to adapt to it [48] . On the third day, the animal was injected with drug(s) or vehicle, and experimental session was performed.
To complete one test, the animal was placed on the bar three times and the mean of these three periods of motionlessness was accepted to be the outcome of this test [49] . The time measurements were performed by an experimenter blind to group status. During each session, these measurements were performed 60, 120, 180 and 240 min after administration of the tested solutions with the animals being kept in their home cages between tests. Tactile stimulation of the animals (handling) was minimized for a minimum of eighteen hours before the start of the experiments.
Catalepsy was defined as a significant (p < 0.05) increase in the duration of immobility compared to that of the vehicle-treated group.
Outline of the experiments
Six separate experiments were conducted. Experiment I was carried out to select the dose of cS for further study. In experiment II, the ability of L-DP (in combination with carbidopa) to influence cS-induced catalepsy was assessed. In experiment III, the sensitivity of the above cataleptic model to DPH, an antagonist at H 1 -receptor, was examined; dose-response relationship was determined for selection of the lowest effective dose that was used in further studies. In experiment IV, anticataleptic activity of DPH was compared with that of ranitidine and thioperamide, selective antagonists at H 2 -and H 3 -receptors. The antagonists were injected i.c.v. at equimolar doses. The goal of experiment V was to evaluate the sensitivity of the drug did not differ significantly from each other (p > 0.05). NCT on its own at all tested doses did not induce catalepsy (data not shown).
As can be seen in Tables 3 and 4 (Experiments III  and V) , dose-effect relationship for DPH and NCT is obviously nonlinear and, in the range of large doses, could be characterized as a plateau effect. Given this, it does not seem likely that further increase in the doses of DPH or NCT will lead to more pronounced inhibition of catalepsy.
To evaluate the possibility to strengthen the anticataleptic effect, we examined the activity of Unlike DPH, antagonists at H 2 -and H 3 -receptors, ranitidine and thioperamide, at equimolar doses failed to affect cS-induced catalepsy ( Table 3 , experiment IV). Similarly, these drugs did not induce catalepsy per se (data not shown).
Nicotine was found to inhibit cS-induced cataleptic response. The dose of 0.2 mg/kg was without effect whereas animals treated with NCT at the doses of 0.4 and 1.0 mg/kg exhibited attenuated (p < 0.05) cataleptic response to cS at all time points (Table 4 , experiment V). The anticataleptic effects exerted by 0.4 and 1.0 mg/kg of Table 2 . The inhibition of catalepsy by levodopa (L-DP). administration of each drug alone. These results suggest non-overlapping mechanisms behind the anti-cataleptic effects of diphenhydramine and nicotine.
Duration of immobility (s) at different time points after cS injection
DPH-NCT combination. The effects of the drugs appeared to be nearly additive ( Fig. 1, experiment  VI) , i.e., co-administration led to a significantly (p < 0.05) greater reduction in catalepsy than Measurements are expressed as means ± SEM (n = 8).
The groups were compared within the same experiment, at the same time point. *p < 0.05, **p < 0.01, significant difference from the vehicle-treated group. † p < 0.05, significant difference from the group treated with cS alone. somatostatin antagonist inhibits the dopaminergic neurotransmission and thus produces catalepsy. Be it as it may, cS-induced catalepsy was found to share with iPD features such as sensitivity to levodopa.
cS-induced catalepsy appeared to be sensitive to diphenhydramine, an H 1 -antagonist, whereas ranitidine and thioperamide at equimolar doses were ineffective ( Table 3 , experiment IV). Apparently, a stimulation of H 1 -receptors plays a role in the cataleptogenic effect of cS. Catalepsy induced by cS was only partly inhibited by diphenhydramine; the drug effect showed signs of plateauing in the range of large doses. In essence, the limited anticataleptic effect of diphenhydramine was similar to the effect of this drug in iPD. The use of diphenhydramine as an anti-parkinsonian agent was first tried in 1946, on a purely empirical basis, and a certain beneficial effect was observed [52] . This effect was later confirmed (e.g., [53, 54] ).
A lower risk for iPD among tobacco smokers suggests the ability of nicotine to mitigate extrapyramidal disorders. Indeed, such an activity was observed here in the model of cS-induced catalepsy ( Table 4 , experiment V). The mechanism of anti-cataleptic activity of the drug in this model is obscure. Nicotine is reportedly able to increase the dopamine release from the nerve terminals (see section 'Introduction') which suggests its stimulatory action on dopaminergic neurotransmission. However, the
DISCUSSION
In parkinsonian patients, a decrease in brain somatostatin levels takes place. To assess the pathogenic relevance of this abnormality, we recently studied the ability of a somatostatin antagonist, cS, to induce catalepsy in rats. As was found, intracerebral injections of cS produce cataleptic response; the effect is observed in aged but not in young animals [8] . In the present study, the responsiveness of cS-induced catalepsy to some medications was examined. The results could be important from two standpoints. Sensitivity of the model to clinically effective medications would be evidence for the model's validity. At the same time, the results could provide approaches to the pharmacological management of the iPD as a state associated with central somatostatin deficiency.
As described above, levodopa (in combination with carbidopa) is able to antagonize cS-induced catalepsy ( Table 2 , experiment II). These data support a role for dopaminergic deficiency in cataleptogenic effect of cS. This role is hardly surprising. Catalepsy is frequently linked to an inhibition of the central dopaminergic activity [14, 15] . Somatostatin may well be a physiological regulator of brain dopaminergic systems. This factor is widely distributed across the rat brain (for refs., see [51] ) and reportedly potentiates brain dopaminergic activity (for refs. see section 'Introduction'). Hence, it is quite expectable that functional significance for this nicotine-induced stimulation of dopaminergic processes is not obvious. Nicotine failed to attenuate catalepsy induced by a cataleptogen such as haloperidol [35] [36] [37] although cataleptic response to haloperidol is reversed by dopaminergic stimulants [55, 56] . In light of these findings, the anti-cataleptic activity of nicotine seems to be cS-specific. It may well be that the anti-cataleptic effect of NCT in our experiments is linked to the ability of this drug to increase brain somatostatin concentrations [57] .
Collectively, the available data show common features in cS-induced catalepsy and iPD. The model as well as human disease is associated with the same brain abnormality, a decrease in somatostatin activity. Both demonstrate a similar age-dependence [8] . In the present study, responsiveness of the model to clinically effective medications was found. These common features support the view that a fall in brain somatostatin levels can play a causative role in iPD; the similarity to the disease may characterize cS-induced catalepsy as a relatively valid model of iPD.
Given the possible pathogenic relevance of somatostatinergic deficiency in iPD, the results obtained in the cS-induced model can be of some prognostic value. In our experiments, diphenhydramine and nicotine displayed only limited anti-cataleptic activity (Tables 3 and 4 , experiments III and V). A similar, not very strong, anti-parkinsonian effect, apparently is exerted by nicotine in tobacco smokers; the clinical effect of diphenhydramine described in the late 1940s was also moderate. Meanwhile, anti-cataleptic effects of diphenhydramine and nicotine in the present experiments appeared to be additive; in all likelihood, each drug exerted its effect independently. As was found here, the diphenhydramine-nicotine coadministration almost totally reversed catalepsy induced by cS ( Fig. 1, experiment VI) . These results suggest that combined treatment with diphenhydramine and nicotine is a feasible and promising approach for symptomatic treatment of extrapyramidal disorders.
CONCLUSION
It was shown here for the first time that cyclosomatostatin-induced catalepsy is responsive to clinically effective anti-parkinsonian agents
